The molluscan assemblages inhabiting the leaf and rhizome layers of Posidonia oceanica were studied in a deep water (-24/26 m) settlement of a highly heterogeneous substratum on an off-shore reef in the central Tyrrhenian Sea. This is one of the few works dealing with the rhizome layer and with Posidonia oceanica that has settled on hard substrata. The leaf assemblage only had a few species, less than other assemblages at a comparable depth in the same basin. This poorness may be due to the depth, but it may also be due to the high fragmentation of the meadow. However, the high percentage of carnivores is consistent with previous observations in deep water meadows. The rhizome assemblage is highly diverse both in terms of species and feeding guilds, which could be explained by the higher affinity for low light conditions of most molluscs and the greater habitat heterogeneity. The marked differences in the two taxocoenoses and the high diversification of the rhizome assemblage evidence that they should be included in studies on the potential diversity of Posidonia oceanica meadows. Failure to consider this layer seriously affects any evaluation of the biodiversity of this habitat, which is of great conservation interest.
INTRODUCTION
Posidonia oceanica (Linnaeus) Delile is a marine plant endemic to the Mediterranean Sea, where it is distributed quite evenly with the exception of the extreme western part near Gibraltar and the extreme eastern part (Egypt east of the Nile Delta, Palestine, Israel and Lebanon, where it is absent probably due to excessively high temperatures). Moreover, it is not present in the Sea of Marmara or the Black Sea due to their low salinity. Posidonia meadows are one of the most productive ecosystems on Earth. Its production has two origins: first, the plant production itself, and second, the production of the leaf epiphytes. Posidonia meadows also play a key role in the oxygenation of the sea water. Posidonia oceanica is considered a key species of the ecosystem and a host to a rich and diversified community. It is estimated that it hosts around 400 plant species and thousands of animal species (Boudouresque et al. 2006) , and it is a nursery for several other marine animal species.
For these reasons and also due to the heavy anthropogenic pressure on Mediterranean coastal environments, this habitat is of high conservation interest. As an example, in the Ligurian Sea nearly 30% of the original meadow surface area was lost during the period of rapid urban and industrial development which occurred in the 1960s along the coast (Bianchi and Morri, 2000) . The habitat is considered within the 1120* "Posidonia beds" of the Directive 92/43/ CE "Habitat", and therefore sites hosting Posidonia oceanica can be considered for inclusion in the Natura 2000 network (European Commission -DG Environment 2007) . Moreover, this plant is considered endangered and the habitat a priority for conservation by the Protocol Concerning Specially Protected Areas and Biological Diversity in the Mediterranean of the Barcelona Convention.
Posidonia oceanica meadows are very complex habitats. Bianchi et al. (1989) considered it to be composed of four distinct assemblages: the leaf epifauna, the rhizome epifauna, the root-associated sediment infauna and the vagile fauna. Several papers have described the molluscan assemblage inhabiting the leaves, but only a few have described the other assemblages (e.g. Templado 1984 , Bonfitto et al. 1998 , Solustri et al. 2002 , Belgacem et al. 2011 Garcia Raso et al. 1996 which deals with the decapod crustaceans). The plant is found living from a few meters down to 40 m deep but most papers deal with shallow water meadows inhabiting down to 15 m. A notable exception is the paper by Idato et al. (1983) . The authors sampled a Posidonia field from 1 to 30 m depth and highlighted the variation in the molluscan assemblage composition and structure with depth. They distinguished three main levels: a shallow water level down to 6 m, an intermediate level from 6 to 15 m, and a deep water level below 20 m. No further works have been carried out on the deepest level of Posidonia oceanica fields, and the only other information available on the molluscan assemblages at this depth can be found in Ledoyer (1966) .
Posidonia rhizomes can be plagiotropes (spreading horizontally) or orthotropes (spreading vertically) building a complex three-dimensional structure that has a significant sediment component but also a hard component: the rhizomes themselves and their epibiontic species (coralline algae, bryozoans, etc.). The sediment in the rhizomes is of both autochthonous and allochthonous origin. The former is made up of the residuals of organisms which live in the meadows (shells, coralline weeds, etc), the latter consists of sediment which is trapped by the leaves which contribute to reducing the water hydrodynamism. Therefore, rhizomes are a diverse environment which can host species associated with coralline weeds, with hard substrata (the rhizomes themselves) and with soft substrata (the sediment). The complex structure of the rhizome layer is characteristic of this seagrass: the other Mediterranean seagrass species only have horizontal rhizomes (Zostera marina (Linnaeus, 1767), Z. noltii Hornem, 1832) or are smaller (Cymodocea nodosa (Ucria) Ascherson, 1869); hence, they are not able to build up the complex rhizome environment typical of Posidonia oceanica (Borum et al. 2004) .
Posidonia rhizomes allow meadows to become established in both soft and hard substrata but very few studies have dealt with this second situation (again Ledoyer 1966 ; but here only the leaf assemblage is considered).
The aims of this paper were to characterize the composition (qualitative data) and structure (quantitative data) of the molluscan assemblages living both on the leaves and rhizomes of a Posidonia oceanica settlement in deep water (-24/26 m) and in a distinctive environment: an off-shore reef with extensive coralligenous concretions, where the plant lives both in small sedimentary pools and on the hard substratum itself. Among our initial hypotheses, we expected a richer assemblage living in the rhizomes than that living on the leaves, and a leaf-molluscan assemblage with the characteristics of deep water meadows (e.g. high percentage of carnivores).
MATERIALS AND METHODS

Study area
The study was carried out in the "Secche di Tor Paterno" marine protected area in the central Tyrrhenian Sea off the coasts of Lazio, south of Lido di Ostia, which is the seaside part of the municipality of Rome (Fig. 1) . The reefs are an outcrop of sedimentary Pleistocene rock which lies 12 km off the coast. The top of the reef is at 18 m, its maximum depth is around 50 m, where a soft substratum is also present. The reef is covered extensively by the coralligenous biocoenosis ("C", Pérès and Picard 1964) but it hosts Posidonia oceanica ("HP", Pérès and Picard 1964) in three different types of settlement: sparse patches, continuous colonization on the hard substratum (the coralligenous formation) and small meadows in the sedimentary pools to a maximum depth of less than 30 m.
Due to the presence of Posidonia oceanica, within the borders of the marine protected area "Secche di Tor Paterno" there is a site of community importance of the Natura 2000 Network (code IT6000010). The site covers 27 hectares and its Posidonia cover is estimated at 5% (Ministero dell'Ambiente e della Tutela del Territorio 2002).
Sampling methods
Samples were collected with two devices: by a standard hand net on the leaves and by an air-lift suction sampler on the rhizomes. Both of these methods were employed by SCUBA divers.
The net was used on Posidonia leaves and was mounted on a metal frame with a 40×20 cm opening (Buia et al. 2003) . Sampling was carried out with net strokes at the base of the leaves to collect the specimens crawling on the leaves. Sampling intensity is quantified by the number of strokes. However, although the standardized method suggested 60 strokes per replicate, we used 20 strokes per replicate due to the small extension of the meadows. These were carried out progressively, advancing into the meadow. However, three replicates for a total of 60 replicates per station were carried out in order to assure comparability with other studies.
The air-lift suction sampler consisted in a PVC tube with a length of 120 cm and a diameter of 6.5 cm, with a SCUBA cylinder supplying air and fitted at 10 cm above the mouth of the tube. The other end of the tube was attached to a removable 0.5 mm mesh nylon bag which could be closed and replaced underwater. Sampling on the rhizomes was carried out on 1 m 2 square areas after defoliation in order to enhance collecting efficacy (Bonfitto et al. 1998) . Three replicates per station were carried out.
At each site some plant parameters were measured to assess the bed structure and morphometry. The density of the shoots was evaluated by counting shoots on a 0.25×0.25 m square within each 1 m 2 sampled with the air-lift suction sampler. The leaves were counted based on these same shoots and their length measured.
Two sites were chosen to represent differences in the substratum where the Posidonia oceanica settled. At each site the leaves and rhizomes were sampled and represented independent stations. Stations 6 (leaves) and 7 (rhizomes) were located where the Posidonia settled on the coralligenous hard substratum, while stations 8 (leaves) and 9 (rhizomes) were located where the Posidonia settled on the soft substratum. Details about the stations are given in Table 1 . First the leaves were sampled and afterwards the area was defoliated to sample the rhizomes independently. Despite care taken in the sampling efficacy of the leaves, a few specimens may have fallen into the rhizomes as the animals retracted in response to the sampling disturbance. Therefore, the fauna of the rhizomes may contain specimens that were crawling on the leaves. A third station was selected at the beginning of the operations on Posido- nia patches to test the techniques and also to train the diving team (only the leaves were sampled). The collected samples were sieved in the field with meshes of different sizes (the smallest mesh being 1 mm) and were then preserved in 95% ethanol.
Trophic groups and their feeding guilds
The following feeding guilds were considered: carnivores (C) feeding on mobile organisms, such as molluscs or polychaetes; scavengers (SC) feeding on remains of dead organisms; deposit feeders (D) feeding on organic particles contained in the sediment; ectoparasites and specialized carnivores (E) feeding on much larger organisms on which they live during their life cycle; filter feeders (F) intercepting nutrient particles with their gills and/or mucous strings; macroalgae grazers (AG); seagrass grazers (SG) ingesting seagrass tissues; microalgal or periphyton grazers (MG) feeding on microalgae (e.g. diatoms); oophagus feeders (O), including species that feed on egg masses of other organisms; and symbiont-bearing species (SY) for those species in which symbiotic bacteria play an important role for obtaining a complementary energy source. Trophic information for all species was obtained from the literature. We used the same classification of feeding modes and guilds used by Rueda et al. (2009) in order to allow comparison.
Data analysis
Samples were sorted and identified to the species level. The taxonomy follows CLEMAM -Taxonomic Database on European Marine Mollusca" (http://www. somali.asso.fr/clemam/index.php).
Basic diversity indices like the number of specimens (N), the number of species (S), the Shannon index (H', using the loge formula) and Pielou's evenness index (J') were calculated. The dominance (%D) of every species in each sample and the frequency (%F) of each species on both the leaves and the rhizomes were also calculated.
Multivariate analyses were implemented in PRIM-ER-E 6 (Clarke and Gorley 2006) . Data were standardized by the total number of specimens in each sample in order to overcome the different sizes of the samples, and square-root transformed to avoid an excessive influence of the most common species since the assemblages were rich and diverse. The Bray-Curtis similarity coefficient was used. Ordination was performed with non-metric multidimensional scaling plots and cluster dendrograms (group average linkage). Statistical tests were performed with ANOSIM (Clarke and Green 1988) and PERMANOVA (Anderson 2001, McArdle and Anderson 2001) . In pairwise tests the Bonferroni correction was applied and the proportionately-reduced level of significance was considered. When the number of permutations was too low for meaningful permutation tests, Monte Carlo values of the significance level were considered (Anderson and Robinson 2003) . The SIMPER routine (Clarke 1993 ) was then used to locate which species contribute most to the differences between groups or, conversely, which species contribute most to the similarities within the same group.
The Mann-Whitney U non-parametric test was used to assess the differences in shoot density, mean number of leaves and the mean length of leaves among the studied stations.
RESULTS
Posidonia oceanica bed structure and morphometry
At the site of stations 8-9 (soft bottom) the mean shoot density of the meadow was 389±144 shoots/m 2 , while at the site of stations 6-7 (coralligenous) it was 368±162. The high standard deviation may be due to the high environmental heterogeneity of the substratum where the plant has settled. The shoot densities were not significantly different at the two sites (Mann-Whitney, p=0.05). The mean number of leaves per shoot at the site of stations 8-9 was 5.8±2.2 leaves/shoot, while at the site of stations 6-7 it was 5.4±1.2 leaves/shoot; their distributions at the two examined sites differed significantly (Mann-Whitney, p=0.05). The mean length of leaves was 434±204 mm at the site of stations 6-7, while it was 413±185 mm at the site of stations 8-9. Their distributions at the two sites did not differ significantly (Mann-Whitney, p=0.05). Data were not collected for the test station on Posidonia patches.
The molluscan taxocoenosis
Posidonia oceanica leaves and rhizomes host two molluscan taxocoenoses that are remarkably different in terms of richness: the leaves have a poor assemblage composed by 14 species, while the rhizomes host 88 species. Ten of these are common species: Jujubinus exasperatus, Bittium latreillii, Bittium sp. 1, Metaxia metaxae, Cerithiopsis nana, Rissoa violacea, Pusillina inconspicua, Alvania settepassii, Ocinebrina aciculata and Chauvetia mamillata. This means that 71% of the species living on the leaves are also found on the rhizomes, while only 11% of the species living on the rhizomes also live on the leaves.
The leaves layer mainly hosts microalgae herbivores and carnivores on mobile prey, while the rhizomes have a much more heterogeneous assemblage of trophic groups with a large presence of filter feeders and ectoparasites and carnivores on preys without mobility (Tables 3 and 4) . If the carnivores on every kind of prey are pooled, they dominate the assemblage.
The multivariate analysis of the taxocoenoses living in the two layers of Posidonia oceanica shows that replicates belonging to the two layers cluster together (Fig. 2) . In fact, they are two different species assemblages (ANOSIM, R=0.782, p<0.05), and will be treated separately in the following paragraphs. The SIMPER routine highlights that differences between leaves and rhizomes originate from the different frequencies of abundant species (Bittium latreillii), the different abundances of species found in both levels (Chauvetia mamillata, Ocinebrina aciculata and Rissoa violacea) and the exclusive presence of species in one of the two levels, mainly on the rhizomes, like Muricopsis cristata, Gouldia minima, Raphitoma linearis, Striarca lactea and Nassarius incrassatus. Moreover, the samples from the rhizomes are more similar to each other (average similarity 46.15) than to the samples from the leaves (average similarity 29.87), which is shown clearly by the non-metric MDS in Figure 3 .
The molluscan assemblage on the leaves
The species collected on the Posidonia leaves and their abundance are given in Table 2 . No replicates have any significant differences, nor have the stations (ANOSIM, p>0.05).
From a population structure point of view, species richness in replicates varies from 2 to 7, the Shannon diversity index (H') ranges from 0.451 to 1.441 and the evenness (J') ranges from 0.424 to 0.921 (Table  2 ). The diversity and evenness indices are influenced by dominant species (Table 2 , between brackets). The dominant species in replicates R1, R3, R6 and R8 was Bittium latreillii. The dominant species at stations R2 and R9 was Ocinebrina aciculata, while at stations R4 and R5 it was Chauvetia mamillata. The most frequent species are Chauvetia mamillata (present in 6 replicates, 66.7%), Rissoa violacea (5 replicates, 55.6%), Bittium latreillii and Ocinebrina aciculata (4 replicates, 44.4%). Eight species (57.1%) are present in a single replicate only. R1  R2  R3  R4  R5  R6  R7  R8  R9   SC Scavengers  Specimens  ---------Species  ---------AG Herbivores of macroalgae Specimens  ---------and epiphytes Species Table 4 . -Faunistic list of molluscs found on the Posidonia rhizomes with quantitative data. The total number of individuals in each sample, the dominance index %D (between brackets), the frequency %F and the feeding guild code are given (C carnivores feeding on mobile organisms; SC scavengers; D deposit feeders; E ectoparasites and specialized carnivores; F filter feeders; AG macroalgae grazers; SG seagrass grazers; MG microalgal or periphyton grazers; O oophagus feeders; SY symbiont-bearing species). Biodiversity indices are reported at the bottom of the The analysis of the feeding guilds in terms of specimens for each group (Table 3) shows that microalgae herbivores dominate the assemblage in replicates R1, R3, R6 and R8. In these cases Bittium spp. are the reason for this pattern. The carnivores dominate in replicates R4, R5 and R9. This dominance is demonstrated by two species: Ocinebrina aciculata and Chauvetia mamillata. R2 has an equal number of specimens from the two groups. The ratio between carnivorous and microalgae herbivores ranges from 0 to 5. It is remarkable that this ratio is equal to or greater than 1 in many samples.
If the analysis is carried out considering the number of species for each feeding guild (Table 3) , herbivore species dominate in replicates R1, R3, R6 and R8, while carnivore species dominate in replicate R9. However, replicates R4 and R5 have the same number of species from the two groups and herbivores dominate in R2
The molluscan assemblage on the rhizomes
The species collected on the Posidonia rhizomes and their abundance are given in Table 5 . The Posidonia is settled on different substrata at stations 7 and 9: the coralligenous substratum and the soft sediments respectively. A dendrogram was plotted to test whether there were any differences between these two stations ( Fig. 2) : it showed that replicates at station 7 (SP1, SP2, SP3) cluster together, replicates SP4 and SP5 at station 9 also cluster together, while replicate SP6 is different from all the others. However, the samples from the two stations are not significantly different (PERMANOVA with Montecarlo simulations due to the low number of samples, p>0.05).
To further analyze the pattern described by the dendrogram, the SIMPER routine was run to determine which species contribute to the differences between the two stations. The species which most contribute to the dissimilarity are Papillicardium papillosum, Turritella turbona, Gouldia minima and Euspira pulchella, which are more abundant at station 9. These are all infaunal species found in the sediment where Posidonia settles at station 9, which is a more suitable environment than the hard substratum at station 7. Chauvetia mamillata and Homalopoma sanguineum also contribute to the dissimilarity, as these species were mainly found at station 7 where the Posidonia is settled on a hard substratum. Remarkably, the average similarity within stations is higher at station 7 (52.40) than at station 9 (48.90) despite the hard substratum where the Posidonia is settled. This suggests a more heterogeneous habitat, and therefore less homogeneity. This is consistent with the cluster dendrogram, and the reason behind this pattern is replicate SP6. The SIMPER routine shows that SP6 is discriminated by a higher proportion of Papillicardium papillosum, Arcopagia balaustina and Venus verrucosa and does not have Nassarius incrassatus and several other rare species like Metaxia metaxae, Mitrella minor, Mitrella scripta, Vexillum tricolor, etc. The presence of more bivalves may indicate a higher proportion of sediment in the sampled site, which is consistent with the lack of the rare species that are more typical of hard substrata.
In terms of population structure, the species richness in the replicates varied from 27 to 54. The Shannon diversity index (H') ranged from 2.616 to 3.532, and evenness (J') ranged from 0.769 to 0.925 (Table  4) . The high values of the Shannon index and the evenness index suggest there are no clearly dominant species. The analysis of species dominance confirms that only Bittium latreillii attained a dominance of 34.0% in a single sample (SP3), but in the other replicates its dominance decreased to 20.2% (SP2), 13.2% (SP4) and below 10% (SP1, SP5, SP6) . B. latreillii is the dominant species in only three replicates. Some filter-feeder bivalves have high dominance values in sample SP6: Papillicardium papillosum and Gouldia minima, both with 15.9%. The predator species Muricopsis cristata is the dominant species in sample SP1 (10.8%) and it is also present at a high percentage in samples SP4 (8.6%) and SP6 (9.5%). The most frequent species were Bittium latreillii, Muricopsis aradasii, M. cristata, Fusinus pulchellus, Raphitoma linearis, Striarca lactea and Gouldia minima, which are present in all the replicates. Bolma rugosa, Cerithiopsis sp. 1, Ocinebrina aciculata, Chauvetia mamillata and Nassarius incrassatus were present in five replicates (83.3%). 44.3% of species were present in a single replicate only. The analysis of feeding guilds in terms of specimens for each group (Table 5) showed a balanced pattern between the most abundant groups: carnivores on mobile prey, microalgae herbivores and filter-feeders. They all have high percentages and are among the dominant groups in all the samples. Filter-feeders are the dominant group in the SP5 and SP6 while microalgae herbivores have a low abundance, confirming that these sites are strongly influenced by a higher percentage of soft substratum. It is important to highlight the high frequency of ectoparasites and carnivores on preys without mobility, which is due to their feeding specialization. They are therefore an important element of the biodiversity of the assemblage, representing up to 24.1% of the species richness (Table 5 ). When the two types of carnivores are pooled, they are the dominant group in most samples with the exception of SP6 where the soft substratum conditions lead to a higher proportion of filter feeders.
Scavengers were also present, and constituted up to 9% of the assemblage (sample SP3). Their presence is scattered and connected to a single species: Nassarius incrassatus. The only egg and spawn feeder species was Mitrella minor and its abundance reached up to 2%. Deposit feeders have a more balanced presence in the samples (they are present in four samples) but with low abundance (from 1.3 to 1.4% in three samples, while SP6 has 4.8% due to the soft substratum affinity of this replicate). The presence of macroalgae herbivores (present in two replicates, 3.6% in SP6, with the species Williamia gussonii) and of seagrass (again present in two replicates up to 3.2%, with the species Smaragdia viridis) is negligible. No symbiontbearing species were found in this environment, which is surprising since these species are infaunal bivalves (Lucinidae, Thyasiridae) for which the sediment enclaves of this biocoenosis would be a suitable habitat. The ratio between carnivores and microalgae feeders is close to or greater than 1.
DISCUSSION
Posidonia oceanica bed structure and morphometry
The density values of Posidonia shoots would be in the third class according to the classification of Giraud (1977) , as there is low density meadows with sparse shoots that are associated with this class. Moreover, these meadows are considered to be in regression or in dynamic equilibrium. However, Giraud's classification did not consider the depth factor, which is very important for this plant. For this reason, Pergent et al. (1995) suggested a new classification which considers density and depth. This classification implies that the Posidonia of the Secche di Tor Paterno has a normal density for the depth at which it lives. Scardi et al. (2005) surveyed the Posidonia in the same area in July 2004 and reported data from a survey carried out in 1998. The data collected in 2004 came from two stations, which are near our station 8 and at a comparable depth: 23 and 25 m. The shoot density was 53.8±50.3 and 151.3±16.2 shoots/m 2 respectively. Classification according to Giraud was class V and IV respectively, while the evaluation according to Pergent et al. (1995) was a sub-normal density at both stations. The data collected in 1998 did not report station details except for depth, which varied from 22 to 28 m. The shoot density ranged from 155 to 225 shoots/m 2 . Classification according to Giraud was class IV and it was "normal density" according to Pergent et al. (1995) , with the exception of a single station with sub-normal density.
It is difficult to draw conclusions from these data because it is not known whether samples were taken at the same sites, which is very important due to the heterogeneity of the substratum. However, it seems clear that most samples would classify the meadows at the lower limit of a normal condition or at the upper limit of a sub-normal condition and that this condition has not changed significantly in the considered time-frame. The classification of Pergent et al. (1995) has given the most consistent results throughout the surveys. Pérès and Picard (1964) already highlighted that the Posidonia oceanica meadows cannot be considered a single biocoenosis but are composed of two layers: an upper one on the leaves, photophilous, and a lower one on the rhizomes. In the latter there is low light, and it may host an impoverished coralligenous biocoenosis. It is considered an enclave of the circalittoral level in the infralittoral. When they treated the Posidonia meadows as a biocoenosis (HP) they considered the upper photophilous level of the leaves because it hosts a typical species assemblage. However, Pérès and Picard considered the rhizome community to be strictly related to the coralligenous community, and this approach may have been one of the causes that took attention away from the rhizomes: literature on Posidonia oceanica molluscan taxocoenosis mostly focuses on the leaves. Bianchi et al. (1989) extended this concept further and suggested that there are four assemblages: the leaf epifauna, the rhizome epifauna, the root-associated sediment infauna and the vagile fauna. The leaves and rhizomes, however, represent a continuum of substratum for those species, like some gastropods, which are mobile and climb up and down the plant axis mainly due to the day-night cycle (nyctohemeral migrations, Russo et al. 1984) .
The molluscan taxocoenosis
Our data fit this context well: the molluscan assemblages live in the two layer host species assemblages, which are different in terms of species richness and composition. Some species are common to both, but this is due to the nyctohemeral migrations. The trophic group analysis fits the different affinity to the light of the layers. The leaves host a high percentage of microalgae herbivores that depend on light for their food availability; they also host a large percentage of mobile carnivores, which is a characteristic of deeper water Posidonia meadows (below 15 m, as evidenced in Idato et al. 1983) . The rhizomes host a reduced, but still significant, microalgae herbivore assemblage, but in contrast to the leaves they host a richer and more diversified assemblage of carnivores and an equally important group of filter feeders as well as other lessrepresented feeding guilds. Carnivores and filter feeders do not depend on light for their food intake.
Molluscan assemblage on the leaves
The leaves only host 14 species. This is an unexpectedly poor assemblage. Idato et al. (1983) found 24 species on Ischia Island at the same depth. Some of the characteristic species (Pérès and Picard 1964) of this community are present, e.g., Rissoa auriscalpium, Rissoa violacea, Bittium latreillii, Ocinebrina aciculata and Chauvetia mamillata. All attain a high frequency with the only exception of R. auriscalpium. However, the abundances of some of them are very limited (e.g. R. auriscalpium). Idato et al. (1983) observed in Ischia that at this depth the molluscan assemblages have some characteristic species like Gibberula philippi, Granulina marginata (Bivona Ant., 1832) and Flexopecten hyalinus (Poli, 1795), which are absent here. Jujubinus exasperatus is the only species that Idato et al. reported in the deep water assemblage and that is also present here. However, the assemblages of the Secche di Tor Paterno host a few species that in Ischia were found at intermediate (6-15 m) depths, like Tricolia tenuis, Rissoa violacea, Chauvetia mamillata. A common trait of the two locations is the presence of carnivores that are usually absent from shallower Posidonia meadows. Tricolia tenuis (closely related to T. speciosa and T. pullus, which are considered characteristic species of this community by Pérès and Picard (1964) and Idato et al. (1983) ) and Smaragdia viridis, which is a frequent component of these assemblages, were found on the rhizomes and their absence from the leaves may be due to the nyctohemeral migrations along the plant axis (Russo et al. 1984) .
The poorness of this assemblage may be due to several factors. Depth may be one of these, since deep water communities host a reduced number of species with smaller populations compared to the shallower ones (Idato et al. 1983) . Moreover, the fragmentation of Posidonia may also negatively influence the size of populations and the recruitment potential. This could be the cause of the rarity of most species: 57.1% of species are only found in a single replicate. However, the kind of substratum does not seem to influence the foliar layer molluscan assemblage evidenced by the lack of significant differences among stations settled on hard and soft substratums as well as the lack of significant differences in shoot density, which is the main Posidonia bed structure parameter.
Molluscan assemblage of the rhizomes
Unlike the leaves, the rhizome layer of the Posidonia oceanica meadows and patches hosts a rich and diverse assemblage: 88 species of shelled molluscs were collected. Templado (1984) cited 178 species of molluscs on the rhizomes of Cabo de Palo (southeastern Spain) Posidonia oceanica meadows, but the sampled depth interval was wider (from 1 to 25 m) and the meadows were sampled more frequently (52 samples covering two years and taken monthly with the only exception of February and March).
Specialized carnivores make a high contribution to the biodiversity of this assemblage. This group accounts for up to 24.1% of the species richness, and is characterized by taxa such as: Fissurellidae, Triphoridae, Cerithiopsidae, Eulimidae, Pyramidellidae. Triphoridae in particular is represented by six species, a high percentage of the overall infralittoral Mediterranean fauna. Some very rare species are also found in this environment, e.g. Hanleya hanleyi, Obesula marisnostri, Mathilda gemmulata. The low light condition of the rhizomes is similar to the that of the deep water environment where these species are usually found. Two main factors explained the richness of the rhizome layer. The first is the low light habitat, which is the most suitable habitat for most molluscs. Therefore, the greater habitat heterogeneity (hard substratum covered by the coralligenous concretions is intermixed with the pure rhizome habitat) allows a multiplicity of potential niches and interactions, which results in a more complex community. Pérès and Picard (1964) considered the rhizome layer to be closely related to the coralligenous biocoenosis, for which they list two characteristic species 1 : Chlamys pes-felis [Manupecten pesfelis (Linnaeus, 1758) ] and Lima squamosa [Lima lima (Linnaeus, 1758) ]. Neither of these species was frequent in our samples, and in fact only the latter was collected. However, the former was found dead and was also observed living in crevices. This species is hardly ever collected by an air-lift suction sampler due to its size and cryptic habitat. Our sampling is likely to have also intercepted the species living in the upper sediment layer of the seagrass mattes. Harmelin (1964) and Tapes pullastra var. geographicus [Venerupis senegalensis (Gmelin, 1791)]". Only Venus verrucosa was found in our samples, although at a low frequency; however, we did not sample the deep mattes, where most of these infaunal species live. Templado (1984) reported Bittium reticulatum (Da Costa, 1778) and Chauvetia minima (Montagu, 1803) (closely related to C. mamillata), Nassarius incrassatus, and Striarca lactea to be among the most frequent species, all of which are also found among the most frequent species in Secche di Tor Paterno. However, all of them can be found in other biocoenoses, and therefore are not characteristic species of the rhizomes.
Habitat heterogeneity is probably the explanation for the diversity of the dominant species, which varied both taxonomically and from a trophic point of view: the 1 st and 2 nd position in the dominance of each replicate represents eight species and all of the four most common feeding guilds. The habitat heterogeneity is supported by the high percentage of species found in a single replicate only (44.3%). Although the differences are not statistically significant, the species compositions of the rhizome assemblages settled on hard and soft substrata do show some differences: species typical of soft substrata dominate at station 9, where the Posidonia settles in sediment, such as Turritella turbona, Papillicardium papillosum and Gouldia minima. Species usually associated with hard substrata dominate at station 7, where the Posidonia settles on the coralligenous substrate, such as Bittium latreillii, Muricopsis cristata and Striarca lactea.
Although our data only pertain to Mollusca, which, however, is a highly diverse phyla in this environment, the study results suggest that the rhizome layer of Posidonia oceanica is a very rich habitat that hosts species of deep water affinity, and which deserves more attention and studies in different bathymetric and geographic contexts. Neglecting this layer seriously affects any evaluation of the biodiversity of Posidonia oceanica meadows. The rhizome assemblage is very different from that of the leaves: the different exposure to light and the substratum heterogeneity are the main reasons behind this difference.
